Objectives: This cross over study aimed to evaluate the effect of telescopic distal extension removable partial dentures on oral health related quality of life and maximum bite force Materials and methods: Twenty patients with complete maxillary edentulism and partially edentulous mandibles with anterior teeth only remaining were selected for this cross over study. All patients received complete maxillary dentures and mandibular partial removable dental prosthesis (PRDP, control). After 3 months of adaptation, PRDP was replaced with conventional telescopic partial dentures (TPD) or telescopic partial dentures with cantilevered extensions (TCPD) in a quasi-random method.
periodontal disease, unaesthetic retentive clasping, fracture of connectors and clasps, inadequate mastication, poor patient satisfaction and less oral comfort. 4, 5 Other alternative treatment options include implant supported fixed dentures (FPD) or partial removable dental prosthesis (PRDP), teeth/implant supported overdentures, and telescopic prostheses. 6 Tooth supported telescopic PRDP can be considered an attractive treatment option due to the splinting action of abutment teeth in addition to combining positive stabilizing and retentive properties. This may be especially valid for patients with few remaining teeth and/or advanced residual ridge resorption. 7 The splinting action of telescopic restorations occurred when multiple outer and fixed inner telescopic crowns engage each other in situ. 8 Telescopic prostheses may result in excellent oral hygiene maintenance, stable occlusion, and satisfactory chewing function due to preservation of proprioception feedback. [9] [10] [11] Moreover, telescopic crown-retained
PRDPs have had positive impacts on patients' well-being and quality of life, especially in patients with few remaining teeth. 12 However, the telescopic anchors are technically challenging in terms of transfer, milling technique and passive fit. They are also costly to fabricate. 13 Secondary copings of telescopic crowns can be fabricated by several methods such as conventional one-piece castings, casting and laser welding, casting and spark erosion, copy milling, computer numeric controlled (CNC) milling, and computer-aided design/computer-aided manufacturing (CAD/CAM). 14, 15 CAD/CAM technology ensures fast construction of highly precise secondary crowns and passive seating of the prostheses in a stable position. 13 With the introduction and attractiveness of rapid prototyping (RP) technology, a new style is possible for automatic wax-up construction of the secondary copings. After the wax pattern was fabricated by RP, the traditional lost-wax process was completed. 16 Masticatory muscle action is influenced by occlusal factors, such as partial edentulism. 17 is considered a key factor of masticatory function and masseter muscle thickness was shown to be a major contributing factor of bite force. 23 Because masticatory impairment can adversely affect quality of life, 24 the effects of different prostheses on OHRQoL and MBF are important to determine. Therefore, the aim of this cross-over study was to evaluate the effect of telescopic distal extension partial removable dental prosthesis with cantilevered extensions on oral health related quality of life and maximum bite force.
| MA T ER I AL S A N D M E TH O DS

| Study design
In this cross over clinical trial, subjects served as their own (paired) controls. Twenty partially edentulous patients (10 males/10 females, age ranged between 42and 55 years) were selected from outpatient clinic of the Prosthodontic Department, Faculty of Dentistry, Mansoura University. This sample size was estimated based on the results of previous cross over studies, 25, 26 in which the authors compared MBF between 3 types of prostheses used to restore edentulous mandibles (power analysis was not performed). The inclusion criteria included complete maxillary edentulism and partially edentulous mandibles with anterior teeth only remaining (class I Kennedy classification) ( Figure 1 ).
Only patients with tooth mobility of grade I or less were selected.
Uncooperative patients and patients with poor oral hygiene were excluded from the study. The study was conducted according to the ethical guidelines stated in Helsinki Declaration, and all patients received written information. A verbal consent approved by the faculty ethics committee was obtained from all participants. The study protocol was independently reviewed and approved by the faculty ethics committee. All patients received complete maxillary dentures and mandibular partial removable dental prosthesis (PRDP, control, Figure 1 ).
Participants were informed to wear the dentures for 3 months, then PRDP was replaced with conventional telescopic partial dentures (TPD, Figure 2 ) or telescopic partial dentures with cantilevered extensions (TCPD, Figure 3 ) in a quasi-random method. Ten subjects were first given TPD and the other ten received TCPD. The patient's names were included in opaque sealed envelopes of the same size and shape. The envelopes were sequentially numbered from one to ten using a pin. Allocation of participants to TPD and TCPD groups were performed using random numbers (from 0 to 10) generated in excel sheet. All treatments were accomplished with no cost to the subjects.
| Clinical and prosthetic procedures
Perioperative panoramic radiographs were made for all participants ( Figure 4 ). All subjects received dental management, including periodontal and dental care for the remaining teeth. New complete maxillary dentures and mandibular PRDPs were constructed. PRDP The OHIP-14 questionnaire14 (Table 1 ) was used as the instrument for this study. The full OHIP consisted of 49 items that cover seven domains: functional limitation, physical pain, psychologic discomfort, physical disability, psychologic disability, social disability, and handicap. 
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The five categories of response for each item were never (5 1), hardly ever (5 2), occasionally (53), fairly often (5 4) and very often (5 5).
| Maximum bite force (MBF)
Vertical inter-occlusal bite forces were measured bilaterally with a biteforce transducer. 29 It is a digital device (Type EA-06-125MW-120, 
| Statistical analyses
| RE S U LTS
TCPD showed the lowest OHIP-14 scores (1.61 6 .65), i.e., the highest patient satisfaction with their oral health-related quality of life (OHRQoL), followed by TPD (1.86 6 .77), and PRDP showed the highest scores (2.75 6 1.15) i.e., the lowest patient satisfaction with OHRQoL ( Figure 8 ).
Comparison of OHIP-14 scores between groups for each category are presented in Table 2 . Except functional limitations, there was a significant difference in all categories of OHIP-14 between groups (Friedman test, P < .012). Multiple comparisons (Wilcoxon signed ranks test)
of OHIP-14 scores between groups are presented in the same table.
PRDP showed the highest scores i.e., the lowest patient satisfaction and TCPD showed the lowest scores, i.e., the highest patient satisfaction. There were no significant differences in patient satisfaction between TCPD and TPD regarding psychological discomfort, psychological disability, social disability and handicapping (Wilcoxon signed There was a significant difference in MBF between groups (Friedman test, P < .001). Multiple comparisons between groups are presented in Figure 9 . TCPD showed the highest MBF (70.7 6 3. 
| DI SCUS SION
Studies comparing different prostheses must eliminate confounding factors. 19 The cross over design of the present study (within patient comparisons) helped to standardize patient and prosthetic variables and made the OHRQoL and MBF measurements more reliable. 30 Gonçalves et al. 25 reported that intra-individual (paired) studies provided sufficient evidences for the effects of prosthetic treatment on masticatory function in partially edentulous patients. The 3-months evaluation period for each prosthesis was sufficient to enhance neuromuscular adaptation based on recommendations of other studies. 26, 31 This period allows measurement of patient satisfaction 31 and maximum bite force 26 In this study, rapid prototyping was used for construction of the second copings of the telescopic prostheses. This technology provides several advantages such as reduction of several steps, saving time and high level of accuracy of the copings form and shape with pertinent reproducibility. 32 In addition, it allows precise control of the degree of clearance fit between primary and secondary copings
The patient satisfaction and bite force with telescopic PRDPs (with or without cantilevered extensions) was higher than conventional PRDP. This may be due to tooth supported telescopic PRDPs provided better retention and stability, 12 stable occlusion, and chewing function due to the conservation of proprioception feedback. 10 In contrast, the combination clasp used with conventional PRDPs have a flexible wrought wire retentive arm which minimize retention and stability of the PRDPs and therefore may had a negative effect on patient satisfaction. The frictional contact at the intersurface between both primary and secondary copings, together with nearly parallel coping walls ensured adequate retention and stabilization of telescopic PRDPs.
9,11
Moreover, these prostheses provided rigid splinting action, and better distribution of stresses between teeth and soft tissues, decreased the proportion of most traumatic lateral forces, transmitted the occlusal forces in the direction of the long axis of the abutment teeth, and increased prosthesis stability particularly in patients with atrophied ridges. 33 Telescopic PRDPs are also more aesthetic and hygienic than conventional removable partial dentures. 10 Polansky et al. 34 reported that the use of telescopes with appropriate maintenance and oral hygiene did not lead to any deterioration of the periodontium. On the other hand, PRDPs have been associated with poor patient acceptance, compromised function and esthetics, and increased risk of caries and periodontal disease. 35 The decreased patient satisfaction with conventional PRDPs concurred with the finding of a case series in which the authors observed a decline of 26 units in the median OHIP after treatment with PRDPs. 36 Patients were satisfied with telescopic PRDPs more than conventional PRDPs during function. This may be due to telescopic PRDPs is mainly tooth supported and transmit little pressure to the supporting areas of the ridges during mastication. In line with this explanation, Saito 37 found that the stress acting on a denture base of an attachment and cone telescopic dentures was less than that of clasp denture. They added that attachment dentures tended to concentrate more stress at the terminal abutment tooth than did telescope dentures. Igarashi that telescopic crown-retained partial denture had a positive impact on a patient's well-being and oral health-related quality of life, especially in patients with few remaining teeth.
Maximum biting force had been considered as an important variable to assess the function of the masticatory system from the action of jaw elevator muscles modified by craniofacial biomechanics. 40 Bite force was measured in the first molar area, because almost 80% of the total bite force was reported to concentrate in that area. 41 The increased bite force with telescopic PRDPs may be explained by the greater stability and retention of these prostheses compared to conventional PRDPs.
12
The increased patient satisfaction and bite force of telescopic PRDPs with cantilevered extensions compared to telescopic PRDPs may be attributed to the enhanced denture stability and retention by the distal cantilevered extensions. These extensions act like cantilevered bar which increased prosthesis rigidity, and decreased denture rotation during function. 42 The increased prosthesis rigidity created a stable occlusal plane, provided adequate support of the posterior occlusion, 43 and reduced loading of denture-bearing areas. 44 Moreover, it improved chewing, 45 decreased the incidence of prosthodontic maintenance, 46 reduced soft tissue irritation, protected mental nerve, and diminished problems of high muscle attachment and prominent mylohyoid ridge. 47 However, the limitations of the telescopic PRDP design include: complex technical procedures, cost, and passive fit. Moreover, the great reduction of tooth substance subjects the abutments to higher risk of root canal treatment. 13 Furthermore, this prosthetic design needs sufficient interarch space and may produce bulky overcontoured shape of the reconstruction which may interfere with home care. 48 The limitations of this study included the small sample size and the lack of adequate follow up period. Therefore, future areas of research should involve designing appropriate longitudinal studies with sufficient sample size for comparisons of survival and complication rates of different telescopic prosthesis used to restore partially edentulous patients.
| CON CLU S I ON
Within the limitations of this cross-over study, telescopic distal extension removable prostheses with cantilevered extensions were associated with improved oral health related quality of life and maximum bite force compared to telescopic or conventional PRDPs. 
